. In Droquently, characterizing the biochemical mechanisms sophila, this effect was primarily presynaptic whereas regulating AMPA receptor abundance at postsynaptic in Aplysia proteasome inhibitors had both pre-and elements may provide insights into the mechanisms postsynaptic effects. In Drosophila and C. elegans, the underlying synaptic plasticity.
sequence of the changes in cell lineages in these mutants. kilobase deletion in the lin-23 coding region that deletes more than half the protein, including the seven In SCF ubiquitin ligase complexes, the F box domain of F box proteins mediates the association with Skp1-WD40 repeats predicted to be involved in substrate recognition ( Figure 1B ). Similar changes in the distriburelated subunits (Deshaies, 1999) ( Figure 1A ). Mutant proteins lacking the F box domain are able to bind to tion of GLR-1::GFP were observed in mutants carrying the lin-23(e1883) nonsense mutation (W450STOP) (Kiptargets, but fail to associate with Skp1, Cullin, and E2 proteins. Therefore, the fact that deleting the F box reos et al., 2000), indicating that these changes were caused by mutations in lin-23 ( Figures 5A and 5C ).
domain produced a dominant-negative defect in GLR-1::GFP distribution is consistent with the idea that LINWe measured the changes in GLR-1::GFP distribution in a 100 m region in the anterior part of the ventral 23-mediated regulation of GLR-1 requires the association of LIN-23 with endogenous Skp1-related proteins nerve cord by quantitative fluorescence microscopy (Burbea et al., 2002) . To estimate the amount of GLRand that LIN-23 functions as part of an SCF ubiquitin ligase complex. 1::GFP in each punctum, we measured the width and maximal fluorescence intensity of each punctum using LIN-23 has previously been shown to be widely expressed in postembryonic animals, including many custom-written software (Burbea et al., 2002) . We found that the average puncta intensity increased by neurons, muscle, and hypodermal cells (Mehta et al., 2004) . To confirm that LIN-23 is normally expressed in 71% and puncta width by 98% in lin-23 mutants compared to wild-type controls ( Figure 1G ). We also anathe ventral cord interneurons, we examined the expression pattern of a lin-23 transcriptional reporter. We lyzed the distribution of GLR-1::GFP in a region just posterior of the vulva and found significant increases found that this reporter construct was expressed in a large number of neurons in the head ganglia, including in both puncta intensity (by 15%) and width (by 58%).
To 4F). Thus, the GLR-1(4KR) and lin-23 mutations had adUb-GLR-1 conjugates are likely to turn over rapidly; ditive effects on the distribution of GLR-1::GFP. consequently, our immunoprecipitation protocol may Second, as noted above, lin-23 mutations prevented be somewhat insensitive to changes in the rate of the decrease in the density of GLR-1::GFP puncta ubiquitination. Therefore, we did additional expericaused by overexpression of MUb ( Figure S1 ). In conments to determine whether SCF LIN-23 mediates its effects via changes in ubiquitination of GLR-1. Ubiquitin trast, we previously showed that expression of GLR- The preceding results support the idea that SCF regulates the stability of the cytoplasmic pool of bar-1 mutants. BAR-1::GFP expressed with the glr-1 promoter was localized in punctate structures in the ven-β-catenin. To test the idea that changes in the stability of bar-1 β-catenin are required for SCF LIN-23 -mediated tral nerve cord ( Figure 5C ). BAR-1 puncta did not colocalize with GLR-1::GFP puncta (data not shown), changes in GLR-1::GFP, we examined mutants that lack the endogenously expressed bar-1 β-catenin. Null musuggesting that the punctate structures containing BAR-1 were unlikely to be postsynaptic elements. We tations in bar-1 β-catenin, i.e., bar-1(lf) mutations, were previously identified based on defects in vulva developfound that lin-23 mutations had two effects on the distribution of BAR-1::GFP in the ventral cord. The level of ment and cell migrations (Eisenmann et al., 1998; Maloof et al., 1998). We found that the width of GLR-1:: diffuse (i.e., interpunctal) BAR-1::GFP in the ventral cord and the density of puncta were significantly higher GFP puncta was not significantly altered in bar-1(lf) mutants but that there was a trend toward reduced puncta in lin-23 mutants than in wild-type controls (Figures 5C-5E ; 23% and 40% increase, respectively), whereas the intensities (12% decrease; p = 0.04, Kolmogorov-Smirnov) ( Figures 6A, 6B, and 6E) . Next, we compared the puncta intensity did not change significantly. To more one of the SCF LIN-23 targets that is responsible for regulating the distribution of GLR-1::GFP, but that other targets contribute to this effect.
Expression of Stabilized bar-1 ␤-Catenin Increases the Synaptic Abundance of GLR-1::GFP
Since it is likely that the SCF LIN-23 ligase regulates the stability of several target proteins in addition to bar-1 β-catenin, we wanted to test whether changes in the stability of bar-1 β-catenin were sufficient to cause changes in the distribution of GLR-1::GFP. We tested this idea by expressing a mutant form of BAR-1 in which the DSGxxS/T consensus sequence had been mutated to DAGxxA [BAR-1(2A)]. This mutation prevents phosphorylation of β-catenin and its subsequent degradation by SCF β-TrCP (Hart et al., 1999) . We found that GLR-1::GFP puncta intensities and widths were significantly increased in animals expressing BAR-1(2A) compared to wild-type controls (by 40% and 24%, respectively, Figures 7A-7C) . These results demonstrate that expression of a stabilized form of BAR-1 is sufficient to cause an increase in the abundance of GLR-1::GFP in the ventral cord.
GLR-1::GFP Is Regulated by a Wnt Signaling Pathway β-catenin participates in cadherin-mediated intercellular adhesion and in Wnt signaling as a transcription factor (Nelson and Nusse, 2004). In principle, the effects of SCF
LIN-23 and BAR-1 on GLR-1 could be explained by both of these functions. In Wnt signaling, β-catenin promotes transcription of Wnt target genes (Cadigan and Nusse, 1997; Miller and Moon, 1996). In the absence of Wnt ligands, β-catenin is found as a complex with axin, the adenomatous polyposis coli (APC) protein, and GSK3β, which together form the destruction complex. In the destruction complex, GSK3β phosphorylates the β-catenin DSGxxS consensus sequence (Peifer et al., 1994a; Yost et al., 1996). β-TrCP binds to and ubiquitinates phosphorylated β-catenin 
